Background: In the absence of an adult vaccination register, coverage estimates for influenza and pneumococcal vaccination come from surveys and other data sources.
Results: Twenty-two studies met the inclusion criteria; 18 used self-report to determine vaccination status. There were 130 unique estimates of coverage extracted. Among adults aged ≥65y, during the period of universal funding (1999-onwards), the summary estimate of annual influenza vaccination coverage from 27 point estimates was 74. . Coverage for both vaccines was significantly higher following the introduction of universal funding. Influenza vaccination coverage in those aged 18-65 years with a medical indication was lower but data were not combined. Seven studies reported on Aboriginal Australians with three studies reporting five coverage estimates for influenza vaccination in adults ≥65 years (range 71 % -89 %).
Conclusions: Adult influenza and pneumococcal vaccination coverage has increased since the introduction of universal funding, but remains sub-optimal, with pneumococcal coverage lower than influenza. Implications: This review highlights the need for more coverage data overall and in high risk groups, to support public health programs to improve coverage.
Background
Vaccination is a key public health strategy to mitigate the impact of some important infectious diseases [1] .
In Australia, vaccines are funded nationally for children and adults under the Australian National Immunisation Program (NIP), as well being available privately. Over the last 20 years, as new vaccines and evidence supporting their effectiveness have become available, the NIP has undergone a number of changes. For adults, annual influenza vaccination has been funded nationally since 1999 for all those aged ≥65 years and, since 2010, for those less than 65 years of age who are at higher risk of infection, such as people with circulatory and respiratory conditions and pregnant women [2, 3] . All Aboriginal and Torres Strait Islander people aged over 15 years have also been funded for influenza vaccination since 2010. Pneumococcal vaccination has been funded for all adults aged ≥65 years and all Aboriginal and Torres Strait Islander adults aged ≥50 years since 2005 [2] . It is also funded for Aboriginal and Torres Strait Islander adults aged from 15 to 49 years who have medical conditions that increase their risk of invasive pneumococcal disease [4] .
An important measure of vaccine program success is coverage. While childhood vaccination coverage can be monitored by the Australian Childhood Immunisation Register [5] and the recently established human papillomavirus (HPV) vaccination program register collects comprehensive data on HPV vaccine provided to adolescents [6] , at the time of publication of this review, no national register to document vaccination of older adults existed, although some states have adult registers. Therefore, we conducted a systematic search and analysis of the available evidence to quantify levels of influenza and pneumococcal vaccination coverage reported in adults in Australia, the methods used to measure coverage in these studies, and whether studies reported on other factors associated with influenza and pneumococcal vaccination, such as Aboriginality or medical indications.
Methods

Search strategy and terms
This review was developed in line with the PRISMA guidelines [7] . Electronic searches of MEDLINE, the Cochrane Library and EMBASE were conducted to identify relevant journal articles published between 1 Jan 1990 and 31 May 2015. The search terms and strategy used were as follows: "vaccination" or "immunisation" AND "influenza" or "pneumococcal" AND "coverage" or "uptake" or "rate" AND "adult" AND "Australia". For grey literature, such as government reports, a Google and Google Scholar search was conducted using the search terms; "adult" AND "vaccination" AND "coverage" AND "Australia". Reference lists of review articles were scanned for relevant publications and experts in the field were also consulted.
All titles and abstracts or executive summaries found through the search strategy were screened (AD) to determine if they were relevant to the review. The full text of those articles that appeared to meet the inclusion criteria were retrieved and reviewed for relevance. Where there was uncertainty the report was reviewed by a co-author.
Inclusion/Exclusion criteria
Studies were included if they met the following criteria: reported vaccination coverage for influenza, or pneumococcal disease in adults (defined as ≥18 years); were published between January 1990 and May 2015; and involved an Australian population defined only by geographic area and age group. Studies were excluded if they: only described vaccination in a specific population such as healthcare workers, military personnel, pregnant women, and the work place. As a systematic review of pandemic H1N1 influenza vaccination coverage has already been published [8] , studies examining this vaccine alone were excluded. No language restrictions were imposed.
Data extraction and synthesis
A standard data extraction form was used and two authors (AD and SK) independently extracted data. The data extracted from each study included: article ID; study design including sampling strategy; sample size; time period; study population (e.g. location, age); method of vaccination status ascertainment, reported influenza and pneumococcal vaccination coverage, any factors reported to be associated with vaccination. Where it was missing or unclear, authors or organisations were contacted to obtain additional data.
Data extracted from each study were tabulated. They were then grouped according to the infection the vaccine prevented (seasonal influenza strains or S pneumoniae) and also by age group (≥65 years, <65 years). As the lower age bound sampled varied between studies, for convenience, the younger adult age group is referred to as <65 years. Data from studies reporting influenza coverage specifically in adults aged <65 years with risk factors for complications and serious disease following influenza infection (i.e. those funded for influenza vaccination from 2010) was shown separately. Also studies reporting influenza and/or pneumococcal vaccination specifically in Aboriginal and Torres Strait Islander adults were shown separately.
For estimates of vaccination coverage, to preserve individual survey sampling designs, we used the point estimates and the standard error of the proportion provided by the study. Where 95 % confidence intervals (CIs) but not standard errors were reported, we calculated the standard error from the CIs. Where neither were provided, we calculated the standard error using the standard formula for the standard error for a proportion using the raw data (i.e. the numerator and denominator).
Meta-analyses
A random effects meta-analysis using the inverse variance method [9] was conducted to provide an overall estimate of coverage where seven or more data points were available for the same vaccine type, age group and time period (i.e. the time period subsequent to the introduction of universal funding for that vaccine in the population group under examination). Estimates of coverage and summary estimates for studies included in the meta-analyses were then presented in forest plots for each vaccine. The results were reported as vaccinated proportion with 95 % confidence intervals. Analyses were conducted using STATA version 12.1.
Ethics
This study was approved by the University of New South Wales Human Research Ethics Panel (Social/Health Research) (9-14-12) .
Results
The initial search strategy retrieved a total of 219 titles and abstracts, of which 45 were duplicates. After screening the titles and abstracts, the full texts of 44 reports were retrieved of which 22 (including 15 peer-reviewed and seven non-peer reviewed reports) met the inclusion criteria for the review (see Fig. 1 ). Of those reports retrieved but not included, ten studies did not report vaccination coverage, four studies investigated an intervention and did not report coverage, four reported coverage only for a specific population sub-group, three reported only on vaccine efficacy or safety, and one paper reported on a subset of data from one of the reports included. Table 1 provides a summary of the characteristics of each included study. Twenty-one studies were crosssectional and one was a case-cohort design [10] . The number of participants ranged from 50 to 15836 (median = 5590, interquartile range (IQR) 1462 to 10231). The age ranges sampled varied considerably. Twelve studies collected data from people aged ≥18 years, five from people aged ≥15 years (one of these included children as well), two from people aged ≥40 years, two from people aged ≥65 years and one from people aged ≥60 years. Within each study, vaccination coverage was reported for a variety of different age groups and some studies, such as the NSW Ministry of Health reports [11] , included separate measures of coverage for many individual years in unique population samples. Hence there were substantially more point estimates of vaccination coverage than the number of included studies. Coverage estimates in Tables (Tables 2, 3 , and 4) are therefore listed by both the study name and the year of reported coverage.
Summary of included studies
Of the 22 studies, 11 sampled Australia-wide (one of which looked specifically at the Aboriginal and Torres Strait Islander population) [3, [12] [13] [14] [15] [16] [17] [18] [19] [20] [21] , three focused specifically on Aboriginal and Torres Strait Islander adults in far north Queensland [22] [23] [24] , three focused on Victoria [10, 25, 26] , the remaining two focused on NSW [11] and Queensland [27] respectively and two were based on estimates from a single hospital [10, 28, 29] . The most common (n = 10; [3, 11-15, 19, 25, 27, 30] ) methodology was to ascertain vaccination coverage using self-reported vaccination status obtained through interviews conducted after random-digit dialling potential participants; 4 smaller studies used self-report from face-to-face interviews and 5 used provider reported vaccination status [10, [16] [17] [18] 26] . Three studies described coverage using records extracted from state-based vaccination databases, which rely on health care providers reporting vaccination to the register [22] [23] [24] . Seven studies reported on vaccination coverage specifically in Aboriginal and Torres Strait Islander people [15, [20] [21] [22] [23] [24] . For 16 studies the primary aim was to obtain information on vaccination [3, 10, 12-15, 19, 22-30] whilst for six others, data on vaccination was collected as part of a larger health survey [11, 16-18, 20, 21] .
Influenza vaccination coverage
A total of 18 studies identified reported annual influenza vaccination coverage in the general adult population aged ≥18 years (see Table 2 ), with 16 (88.9 %) including coverage data specifically in those aged ≥65 years. From these studies a total of 63 point estimates covering years from 1992 to 2013 were extracted.
Estimated coverage in those aged ≥65 years ranged from 44.4 to 82.4 % over the whole period examined, 1990-2015 (Table 2 ). Reported coverage prior to the introduction of funded vaccination in 1999 ranged from 44.4 to 71.3 % with coverage following 1999 ranging from 63.9 to 82.4 %. Coverage following 1999 was significantly higher than that prior to 1999 (p > 0.001); the summary coverage estimate prior to 1999 from 10 data points was 61.3 % (95 % CI 58.0-64.6 %); versus 74.8 % (95 % CI 73.4-76.2 %); from 1999 onwards from 27 data points.
There was significant heterogeneity in the estimates of influenza vaccine coverage in those aged ≥65 years from 1999 onwards (I2 = 94.1 %, p < 0.001) and also among the estimates prior to 1999 (I2 = 93.9 %, p < 0.001) ( (Fig. 2) . To explore this in the data collected from 1999 onwards, we examined the data in subgroups based on location (NSW or Australia-wide; Appendix). For data collected in NSW (11 data points) the summary estimate of coverage was 73.5 % (95 % CI 72-74 %); I2 = 94.0 %, p < 0.001 while for data collected Australia-wide (7 data points) the summary estimate of coverage was 76.4 % (95 % CI 73-79 %); I2 = 96.6 %, p < 0.001. The test for heterogeneity between NSW and Australia-wide estimates was significant; p = 0.03. There were 9 studies which reported influenza vaccination coverage specifically in people identified as having a chronic disease that made them more susceptible to influenza and its complications [3, 12-15, 17-19, 27] ( Table 2) . Between 2000 and 2013, vaccination coverage estimates for adults aged <65 years with chronic diseases ranged from 29.8 to 49.2 %; after 2010 when funding was introduced to target this group, two studies estimated vaccination coverage of 44.7 and 49.2 %. In adults aged ≥65 years with chronic diseases, coverage was substantially higher, ranging from 78.5 to 81.7 %.
Pneumococcal vaccine coverage
Eleven studies were identified that reported pneumococcal vaccination coverage in adults aged ≥18 years (Table 3) . From these studies a total of 41 point estimates covering years from 1996 to 2013 were extracted. Among studies reporting vaccination coverage in those aged ≥65 years, estimates ranged from 15.4 to 72.8 %. Among studies reporting vaccination coverage for those aged <65 years, estimates ranged from 4.8 to 33.9 % but the age ranges sampled were inconsistent with some reporting from adults aged ≥18 and some from age ≥50 years. There were also differences in the time period for reported pneumococcal vaccination, with some studies reporting pneumococcal vaccine received within the previous year and others reporting within the previous 5 years (see Table 3 ). (Fig. 3) . Eight of the data points for pneumococcal coverage after 2005 came from one study [11] . As with influenza, there was significant heterogeneity in the summary estimates of coverage both prior and after universal funding (p < 0.001 for both; Fig. 3 ).
Influenza and pneumococcal vaccine coverage in Aboriginal and Torres Strait Islander Australians
Seven studies reported influenza and/or pneumococcal vaccination coverage in Aboriginal and Torres Strait Islander adults [15, [20] [21] [22] [23] [24] (Table 4 ). The recommendations and funding for influenza vaccination of Aboriginal adults were extended to include all those aged ≥15 years in 2010. All studies that met our inclusion criteria were conducted prior to 2010. Sample sizes ranged from 10 to 15836 with coverage reported for a number of different age groups. Four of the studies were Australia-wide, while the other three were based in far north Queensland. Among studies reporting influenza vaccination coverage, two studies estimated coverage of 85 % in those aged 15-49 years [22, 24] , one study estimated coverage of 23 % in those aged 18-49 years [20] , one study estimated coverage of 27.5 % in those aged ≥18 years [15] . In those aged ≥50 years coverage estimates ranged from 51 to 96 % (4 estimates) [21, 22, 24] and in those aged ≥65 years the available estimates ranged from 71 % to 89 % [20, 21] . For pneumococcal vaccination coverage, 2 estimates for those aged 50- 
Factors associated with receipt of vaccination
Seven studies reported on individual characteristics and other factors associated with receiving vaccination among adults [3, 19, 25, [27] [28] [29] [30] . The majority reported on factors associated with influenza vaccination [3, 19, 25, 29, 30] , however two studies reported factors associated with both influenza and pneumococcal vaccination [27, 28] . All studies used a cross-sectional design and an intervieweradministered questionnaire (either by phone or in person).
The most important predictor of vaccination was being aged ≥65 versus <65 years, with a statistically significant association found in five studies [3, 25, [27] [28] [29] . All other studies that reported influenza vaccination by age showed a higher point estimate of coverage in the older age group although no statistical tests were described.
After adjusting for age, a number of factors were consistently reported to be significantly associated with vaccination. Two studies reported a statistically significant association between lower education (versus higher education level) and greater likelihood of vaccination with adjusted odds ratios ranging from 1.12 (95 % CI 1.01-1.21) to 1.5 (95 % CI 1.1-1.9) [3, 19] . Two studies reported statistically significant associations between lower income (versus higher income) and vaccination with adjusted odds ratios ranging from 1.4 (95 % CI 1.1-2.3) to 2.96 (95 % CI 1.59-5.52) (3, 19) . Having a medical risk factor, being female, living in a metropolitan area, having a positive perception of vaccination, doctor recommending influenza vaccination to the patient, having poor self-reported health status and believing the vaccine to be effective were each reported to be significantly associated with greater likelihood of vaccination in two studies each [3, 19, 25] . Being a non-smoker [27] , believing the vaccine will not make you ill, having more correct knowledge [28] and having a positive attitude towards vaccination [28] were all found to be significantly associated with vaccination in one study each. In two studies of Aboriginal and Torres Strait Islander adults, being aged ≥50 versus those aged 18-49 and living in a remote versus non-remote area were consistently reported as having greater likelihood of being vaccinated for influenza and pneumococcal disease although no statistical tests were presented [20, 21] .
Discussion
In this review we found 22 studies yielding 81 data points on influenza and 49 data points on pneumococcal vaccination coverage between 1990 and 2015 for a general population of adults in Australia. Studies in relation to influenza vaccination ranged over a wider time period than those for pneumococcal vaccination. The majority of included studies focused on annual influenza vaccination coverage and used a cross sectional study design. Random-digit dialling of potential participants and self-reported vaccination status obtained through interviews were the commonest methods employed to ascertain data. A small number of studies collected data from surveying healthcare providers directly about their patients or from a state based immunisation database, which requires providers to report immunisations given. Most studies had sample sizes of over 1000 participants.
Around three-quarters of adults aged ≥65 years were estimated to have received annual influenza vaccination in the period after 1999. Vaccination coverage was higher following the introduction of the funded universal vaccination program for people aged ≥65 years. The current national immunisation strategy considers the influenza vaccination coverage in people aged ≥65 years to be relatively low and suggests coverage needs to improve. However, there are no official national coverage targets for adults, and no clear plan for improving coverage [31] . Coverage estimates were lower in people aged <65 years with medical risk factors surveyed after 2010, who were also funded to receive influenza vaccine, compared to coverage in people aged ≥65 years with risk factors. While there were only 2 studies that reported on this period and the sample sizes were relatively small [17, 18] , this finding suggests that factors other than funding are important for improving vaccination coverage in adults. Universal recommendations have historically been more successful with achieving high coverage than targeted recommendations for risk groups [32] , and this is supported by our findings. This may be due to the fact that universal recommendations are usually easier to implement.
Pneumococcal vaccination coverage also appeared to be influenced by funding, with a summary estimate of coverage in the ≥65 year age group prior to the introduction of funding in 2005 of 35.4 % (95 % CI 18.8 %-52.0 %). However even after 2005, coverage estimates for pneumococcal were lower than that for influenza at around 56 %. This difference may arise due to a greater awareness of the availability and need for influenza vaccine. It could also be that pneumococcal coverage levels are under-reported. Only one of the identified studies of pneumococcal coverage in ≥65 year olds (the 'Bettering the evaluation and care of health' (BEACH) study [16] ) relied on provider report, as opposed to self-reported vaccination status. Coverage reported from this study was substantially higher at 72.8 % and more comparable to that for influenza in ≥65 year olds. Recall bias may affect both self-report for pneumococcal and influenza vaccination, but could possibly be less for influenza as it is given annually. The higher coverage reported in the BEACH study may also have been affected by the sample, which is not population-based, and only includes people who attend GPs.
All of the available data on influenza and pneumococcal vaccination coverage in Aboriginal and Torres Strait Islander adults comes from studies that were conducted prior to 2010 when funding for influenza vaccination of Aboriginal and Torres Strait Islander adults was limited to adults aged ≥50 years and adults aged <50 years with risk factors [4] . Influenza vaccination coverage reported in Aboriginal and Torres Strait Islander adults aged ≥65 years appeared to be similar to the general Australian adult population of the same age. Two of the three studies which reported on influenza vaccination coverage in Aboriginal and Torres Strait Islander adults for this age group had large samples of Aboriginal and Torres Strait Islander adults and included sampling and recruitment in remote areas, making it likely the findings are robust and generalisable. Lack of data in consistent age groups or time periods makes it difficult to make comparisons of pneumococcal vaccination coverage in Aboriginal and Torres Strait Islanders and the general Australian adult population.
In both meta-analyses of influenza and pneumococcal vaccination coverage in ≥65 year olds we found significant heterogeneity. The large sample sizes of most studies is likely to have contributed to this, by making small Fig. 3 Meta-analysis of eligible studies of pneumococcal vaccination coverage before and after the introduction of universal funding of vaccine for adults aged ≥65 years. This figure shows the results from the meta-analysis of studies reporting pneumococcal vaccination coverage, before and after the introduction of universal funding of vaccine for adults aged ≥65 years differences in coverage statistically significant. Despite this, we attempted to explore possible reasons for this heterogeneity. When data for NSW influenza coverage among adults were combined and compared to a combined estimate for Australia-wide coverage we found a significantly higher estimate for national coverage; it is unclear what the reasons may be for this. Another possible source of heterogeneity was differences in data collection methods (e.g. selfreport vs provider report vs state based databases), however there were too few data points from studies using provider report and state-based databases to make reliable comparisons. The most effective and accurate methods of data collection requires further exploration, particularly to help inform the development of the recently announced wholeof-life vaccination register in Australia.
Comparing coverage reported in this systematic review for Australia to other high income countries with funded vaccination programs, there were some similarities and differences. Data from England for 2014/2015 showed influenza vaccination coverage of 72.7 % in those aged ≥65 years [33] . For the same time period influenza vaccination coverage in those aged <65 years with risk factors appeared to be slightly higher in England (50.3 %) [33] compared to the estimates we found for Australia. In both countries both groups are funded for free influenza vaccination [33] . In the United States (US) reported influenza coverage in 2014/ 2015 was slightly lower than the Australian estimates for people aged ≥65 years at 66.7 %. Coverage for those aged <65 years with risk factors in the US, was more similar to the Australian coverage reported at 47.6 % [34] . Compared to the United Kingdom (UK) and the US, the pneumococcal vaccination coverage reported from Australian studies among those aged ≥65 years appeared somewhat lower; in 2015 in England coverage was 69.8 % [35] and in the US in 2013 it was 59.7 % [36] . However, these percentages are 'ever received' pneumococcal vaccination compared to the Australian coverage presented in this paper which generally reports on receipt of vaccine in the previous 5 years.
There were few studies reporting on factors other than age associated with influenza or pneumococcal vaccination status. Of all the factors reported to be consistently associated with vaccination in this review of Australian data (lower education, lower income, a medical risk factor, being female, living in a metropolitan area, having a positive perception of vaccination, doctor recommending influenza vaccination to the patient, having poor self-reported health status and believing the vaccine to be effective), each has also been found to be significantly associated with influenza vaccination internationally [37] [38] [39] [40] [41] [42] [43] [44] . However, some studies from other countries report variable relationships with sex and education [40] . Given the small number of studies, however, more information regarding factors associated with vaccination in Australia would assist in better targeting of vaccination programs. The findings in relation to lower education and lower income have implications for future interventions and further investigation into this issue would be of benefit.
To our knowledge, this is the first systematic review of adult vaccination coverage in Australia. Limitations include that coverage was not always reported in consistent age groups and/or the raw data were not available. This restricted the number of studies that could be included in the meta-analysis. Also, many reports of coverage are found in the grey literature rather than easily searchable electronic databases, which means that there is a possibility that some sources were missed. However, we minimised this by consulting with experts. A majority of studies relied on self-reported data. Self-reported influenza and pneumococcal vaccination status have been shown to be highly sensitive, but less specific [45] [46] [47] which may mean that studies using self-report are over-reporting coverage. To date there has been little work carried out to validate provider report or the state-based databases which were used by other studies to obtain coverage estimates although it is likely that these sources would underestimate coverage due to vaccinations occurring in different sites or providers not reporting to the state-based databases. It may be that this difference underlies the heterogeneity in coverage reports we found for pneumococcal vaccination in those ≥65 years. Quantifying the accuracy of different data sources for estimating adult vaccine coverage is an important area for future research.
The higher level of both influenza and pneumococcal vaccination coverage in people aged ≥65 years in Australia since funding for each vaccine was introduced suggests that programs that cover vaccine costs can increase adult vaccination coverage. However, other factors are also likely to play a part, as pneumococcal vaccine coverage after 2005 appeared to be lower than influenza in the ≥65 year age group despite both vaccines being funded. This may be due to the increased complexity of the pneumococcal schedule, and lack of confidence in the vaccine due to limited evidence supporting its effectiveness in adults [48] . In addition, influenza vaccination coverage in people aged <65 years with risk factors, which were also funded after 2010, had much lower vaccination coverage than those in the universally funded group (≥65 years). These findings suggest that whilst funding is important, the way in which funding is provided can also impact. It also highlights the complex nature of adult vaccination and the challenges in obtaining high vaccine coverage in some populations. Lower coverage is often found in targeted programs due to the increased complexity, difficulty in identifying patients and being aware of eligibility [49] . There is some evidence that adult vaccination coverage in funded groups can be increased when combined with other strategies aimed at primary care providers. Some strategies which have shown success include identifying one key staff member in a practice to plan and lead an influenza campaign [50] , educational outreach aimed at primary care [50] , patient tracking and provider prompts [51] .
We found no evidence that Aboriginal and Torres Strait Islander adults aged ≥65 years had substantially different annual influenza coverage than the general population of adults ≥65 years. However, this was based on findings from 3 studies from early last decade [20, 21] . There were also variations in the estimates of coverage provided for Aboriginal and Torres Strait Islander adults, making comparisons difficult. Given the increased vulnerability of Aboriginal and Torres Strait Islander adults to respiratory illnesses such as influenza and pneumococcal disease [52] and specific programs targeting these adults, more current and detailed data on vaccination coverage in this group is warranted.
Conclusions
We found that although the majority of adults in the general population aged ≥65 years are receiving vaccination for influenza and for pneumococcal diseases, coverage is much lower than that for childhood vaccines. In people aged <65 years with co-morbidities, who are at higher risk of influenza than those without, vaccine coverage is substantially lower than in those aged ≥65 years, despite this group being funded for free vaccines since 2010. This finding supports suggestions [32] that targeted vaccine programs are less effective at achieving high coverage. Official national vaccination coverage targets for the adult population and programmatic measures to improve overall coverage would be useful. Such measures may include incentives and key performance indicators. This review also highlights the limited sources of information currently available in relation to adult vaccination coverage in Australia, especially in relation to Aboriginal and Torres Strait Islander adults. More data are required to provide better estimates of coverage in this higher risk group and also to identify other groups of adults in whom vaccination coverage could be improved. Given the recent announcement by the federal government to implement a whole-oflife immunisation register in Australia, identifying an effective and efficient methodology to collect accurate data on adult immunisation coverage, especially for the subjects of targeted programs, such as Aboriginal and Torres Strait Islander adults and people with medical risk factors, will be an important priority. 
